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ABSTRACT 

The deep benthic fish genus Bathypterois (Pisces: 
Myctophiformes) is revised on a worldwide basis. A 
descriptive synopsis of each of the 18 species is 
provided. A key to these species is presented. Two 
new species, B. perceptor and B. oddi, are de- 
scribed. Based on comparative osteology relationships 
among recent benthic myctophiform genera are re- 
vised. These genera are placed in three families: 
Aulopidae (Aulopus), Synodontidae (Synodus, Sau- 
rida, Trachinocephalus, Harpadon, Bathysaurus), 
and Chlorophthalmidae (Chlorophthlmus, Parmudis, 
Bathysauropsis, Ipnops, Bathypterois, Bathytyph- 
lops, Bathymicrops). 

The biology of Bathypterois is discussed. The lat- 
itudinal limits of the genus are found to coincide with 
the poleward limits of central oceanic water. Bottom 

temperatures and interspecific competitive exclusion 
appear to determine the distributions of individual 
species. Among dominant fish groups of deep Baha- 
mian basins, the ipnopine genera Ipnops and Bathy- 
pterois rank third in numerical abundance. In this 
same region at least two species pertaining to these 
genera exhibit seasonally synchronized reproduc- 
tive cycles. Histological examination of the special- 
ized pectoral fin rays reveals innervation by en- 
larged spinal nerves and suggests a sensory function 
for these rays. The stiff elongate pelvic and caudal 
fin rays are found to be poorly innervated. They 
appear to function like stilts to raise the fish into the 
water column. The food of Bathypterois is found to 
consist primarily of very small planktonic crus- 
taceans. 
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1. INTRODUCTION 

The genus Bathypterois Giinther, 1878 comprises a In the 104 years that have passed since the first 
small group of benthic myctophiform species recorded capture of Bathypterois by the Challenger 
adapted for life in the deep sea. The genus is cir- Expedition, approximately 27 nominal species and 
cumglobal beneath temperate and tropical seas (Fig. subspecies of that genus (Benthosaums inclusive) 
l), and archibenthic to abyssobenthic in habit. In have been described. As is more generally true of 
terms of numerical abundance the genus appears to deep benthic fish species than previously indicated 
be a constant and important component of the ben- (Briggs 1960), several species of Bathypterois are 
thic fish fauna at depths of 250-6000 m. Recent exten- very widely distributed. Thus attempts to summa- 
sive quantitative trawling by the R/V "Columbus rize the genus on a region& basis (Alcock 1899, 
Iselin" in deep basins of the Bahamas has revealed Barnard 1925, Mead 1966c) have proven inade- 
that in this region at least Bathypterois and Ipnops quate in testing the validity of the various nominal 
combined rank third in abundance (behind synapho- forms. Previous attempts to treat the genus on a 
branchids and brotulids, ahead of alepocephalids, wider basis (Goode & Bean 1896, Parr 1928, 
halosaurs, and macrourids). There is evidence Bauchot 1962) have also left many species-level 
(Nybelin 1957) that Bathypterois is also important problems unresolved. At higher taxonomic levels 
at abyssal depths in the northeastern Atlantic. relationships to other taxa of benthic myctophiform 

Fig. 1. Distribution of the genus Bathypterois in relation to oceanic watermasses. Shaded area: known distribution of adults; solid 
circles: known localities for juveniles; broken line: approximate upper boundaries of major oceanic watermasses (after Sverdrup et al. 

1942); solid line: poleward S i t s  of the 10°C surface isotherm (after Sverdrup et al. 1942). 



fishes have not been critica9ly evaluated from the 
standpoint of comparative osteology. 

The genus Bathypterois as herein constituted 
incorporates the monotypic Benthosaurus, and is 
thus equivalent to the family Bathypteroidae sensu 
Mead (1966~) and the subfamily Bathypteroinae 
sensu Marshall & Staiger (1975). The present in- 
vestigation has considered the osteology of Bathy- 
pterois, along with that of Bathymicrops, Bathywh- 
lops, and Ipnops, in an effort to define natural 
relationships among these genera, which together 
are taken to constitute a redefined subfmilial unit, 
the Ipnopinae. Additionally, representatives of all 
remaining benthic myctophiform genera have been 
examined osteologically. A comprehensive com- 
parative study of these genera has not previously 
been attempted. Such a study was unde&aken here 
as a logical and necessary prerequisite to under- 
standing the systematic position of the subfamily 
Ipnopinae within the larger framework of related 
taxa. Based on this comparative study, a revised 
classification of benthic myctophiform taxa has been 
formulated. Finally, relationships among the species 
of Bathypterois have been considered, resulting in a 
revision of the genus on a worldwide basis. Obser- 
vations on the poorly known natural history of the 
genus have also been presented. 

AMNW: 

BM: 

CAS-SU: 

CNNM: 

CSU: 

IOSR: 

ISH: 
LACM: 
MCZ: 

MNWN: 

NHMB: 

Ins6htional abbreviations 

American Museum of Natural History, 
New Uork 
British Museum (Natural History), 
London 
Stanford University Collection, 
maintained at California Academy of 
Sciences, San Francisco 
Field Museum of Natura! History, 
Chicago 
California State University, 
San Francisco 
Institute of Oceanology, Academy of 
Sciences of the USSR, Moscow 
Institut Fur Seefischerei, Hamburg 
Los Angeles County Museum 
Museum of Comparative Zoology, 
Harvard University 
Museum National d'Wistoire Naturelle, 
Paris 
Natural History Museum ))Grigore 
Antipacc, Bucharest, Rumania 

SAM: 
SIO: 

SOSC : 

TABE: 

UMML: 

USNM: 

VIMS: 

WHOI: 

ZMUC: 

a-mx : 
an: 
ar : 
bb: 
bh: 
c: 
cb: 
cc: 
ch: 
c1 : 
d : 
dbb: 
dbh: 
dpcl : 
ds : 
e : 
eb: 
ec : 
eh: 
en: 
fs : 

h 1-6: 
hb: 
hs : 
hy: 

Ocean Research Institute, University 
of Tokyo 
J.L.B. Smith Institute of Ichthyology, 
modes  University, Grahamstown, S.A. 
South African Museum, Capetown 
Scripps Institution of Oceanography, 
La Jolla, California 
Smithsonian Oceanographic Sorting 
Center, Washington, D.C. 
U.S. National Marine Fisheries 
Service, Tropical Atlantic Biological 
Laboratory (collection now maintained 
at UMML) 
Rosenstiel School of Marine and 
Atmospheric Science, University of 
Miami, Florida 
United States National Museum of 
Naturd History, Washington, D.C. 
Virginia Institute of Marine Science, 
Gloucester Point, Virginia 
Woods Hole Oceanographic 
Institution, Massachusetts 
Zoological Museum, University of 
Copenhagen 

Bsteolagicd abbreviations 

anterior portion of maxilla 
angular 
articular 
basibranchial 
basihy a1 
cartilage 
ceratobranchial 
coracoid 
ceratohyal 
cleithrum 
dentary 
dermal basibranchid 
dorsal basihyal 
dorsal postcleithrum 
dermosphenotic 
epural 
epibranchial 
ectopterygoid 
epihyal 
endopterygoid 
fucral scale (caudal scute) 
hypurals 
hypobranchial 
haemal spine 
hyomandibular 



ih: 
io : 
mt: 
mx: 
na: 
np : 
ns: 
0 : 

op : 
or: 
pb: 
ph: 
pl : 
pm: 
p-mx : 
PO : 

Pulul: 
pu: 

q: 
r : 
scl : 
sm 1: 
sm2 : 
so: 
sp: 
sy: 
tp: 
U2 : 
un : 
v: 
vhh: 

vpc11,2: 
v p ~ l ~ - ~ :  

interhyal 
interopercle 
metapterygoid 
maxilla 
neural arch 
neural plate 
neural spine 
circumorbital 
opercle 
orbit 
pharyngobranchial 
parhypural 
palatine 
premaxilla 
posterior portion of maxilla 
preopercle 
fused first preural and first ural centra 
preural centrum 
quadrate 
pectoral fin radial 
supracleithrum 
posterior supramaxilla 
anterior supramaxilla 
subopercle 
scapula 
symplectic 
tooth patch 
second ural centrum 
uroneural 
vomer 
ventral hypohyal 
ventral postcleithra 
fused ventral postcleithra 
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Material and methsds 

Bathypterois material examined is listed under indi- 
vidual species headings in the systematic part of this 
report. Comparative material of related genera is 
listed below. Detailed locality data for all specimens 
examined are on deposit at UMML. Additionally, 
a list of locality data for all known captures of 
Bathypterois is also available at UMML and ZMUC. 
Aulopidae: 

Aulopus cadenati (2 specimens) TABL 
Aulopus nanae (1) UMML 
Aulopus purpurissatus (2) USNM 

Ipnopinae: 
Bathymicrops regis (3) UMML 
Bathytyphlops azorensis (1) UMML 
Bathytyphlops marionae (3) UMML 
Ipnops agassizi (5) UMML 
Ipnops murrayi (1 7) UMML 

Chloropthalminael: 
Bathysauropsis gracilis (1) RUSI 
Bathysauropsis malayanus (1) USNM 
Chloropthalmusl agassizi (7) TABL, (27) UMML 
Parasuelis truculentis (5) UMML 

Synodontidae: 
Bathysaurus ferox (2)  UMML 
Bathysaurus mollis (1) UMML 
Harpadon microchir (2) USNM 
Harpadon nehereus (2) USNM 

1. This spelling has been used throughout by the outher. - Ed. 



Saurida brasiliensis (5) UMML 
Saurida normani (1) UMML 
Synodus scituliceps (1 5) UMML 
Synodus synodus (6) UMML 
Trachinocephalus myops (9) UMML 

Conventional meristic and morphometric charac- 
ters were used in evaluating relationships among 
the species of Bathypterois examined. Counts and 
measurements were determined in accordance with 
the standards set forth in Hubbs & Lagler (1958). 
The comparative osteology of the cranial, caudal, 
and pectoral regions was more extensively utilized 

in evaluating systematic relationships beyond the 
species level. Specimens were prepared for osteo- 
logical examination by trypsin clearing and alizarin 
staining, supplemented by gross dissection of alcohol 
preserved specimens. Extensive use was made of 
radiographs as well. 

Nerves supplying the produced fm rays were 
traced by gross dissection and by use of the modified 
Sihler nerve staining technique (Freihofer 1963). 
Histological sections of fin rays were prepared 
from material fixed in Bouin's fluid, embedded in 
paraffin, cut to 6 y thickness, and stained with 
Gomori's one-step trichrome stain. 

II. SYSTEMATIC PART 

RELATIONSHIPS AMONG BENTHIC Tribe Bathypteroini 
MYCTOPMWORM TAXA Genus Bathypterois Giinther, 1878 (incl. 

The following revised scheme of classification for 
benthic myctophiform fishes is advanced as dis- 
cussed below. 
Family Aulopidae Bonaparte, 1841, 7 spp. 

Genus A ulopus Cloquet, 18 16 (incl. Hime 
Starks, 1924, and Latropiscus Whitley, 
1931), 7 spp. 

Family Synodontidae Gill, 1862, ca. 39 spp. 
Subfamily Karpadontinae Jordan, 1923 

Genus Harpadon Lesueur, 1825 (incl. 
Peltharpadon Fowler, 1934), 3 spp. 
(secondarily pelagic in habit) 

Genus Saurida Valenciennes, 1849, 9 spp. 
Subfamily Bathysaurinae 

Genus Bathysaurus Gunther, 1878 (incl. 
Macristium Regan, 19 1 I), 2 spp. 

Subfamily Synodontinae Gill, 1862 
Genus Synodus Gronow, 1763 (incl. Xystodus 

Bgilby, !9 lo), 24 spp. 
Genus Trachinocephalus Gill, 1862, 1 sp. 

Family Chloropthalmidae Jordan, 1923, 38 spp. 
Subfamily Chloropthalminae Jordan, 1923 

Genus Chloropthalmus Bonaparte, 1840, 
7 SPP. 

Genus Parasudis Regan, 19 11, 2 spp. 
(secondarily pelagic in habit) 

Genus Bathysauropsis Regan, 19 11 (incl. 
Bathysaurops Fowler, 1938), 3 spp. 

Subfamily Ipnopinae Gill, 1884 
Tribe Ipnopini 

Genus Ipnops Gunther, 1878 (incl. Ipnoceps 
Fowler, 1943), 3 spp. 

Benthosaurus Goode & Bean, 1886), 18 spp. 
Tribe Bathymicropini 

Genus Bathymicrops Hjort & Koefoed, 19 12, 

2 SPP. 
Genus Bathytyphlops Nybelin, 1957 (incl. 

Macristiella Berry & Robins, 1967), 3 spp. 

Three natural groupings of benthic fishes are 
evident in the Myctophiformes (Fig. 2). A conser- 
vative basal group is represented by the Aulopidae, 
an inshore family with a single genus and seven 
recent species worldwide (Mead 1966a). Aulopus is 
rather generalized in body form (Regan 19 1 1) and 
primitive with respect to other benthic myctophi- 
form fishes in possessing two supramaxillae (Fig. 
3a), an orbitosphenoid (Regan 191 I), a completely 
roofed post-temporal fossa, parietals that meet on 
the skull midline (Rosen & Patterson 1969), ecto- 
pterygoid and endopterygoid dentition, caudal fidcra 
(Gosline 1961), and perhaps a complex second ural 
centrum. The degree of osteological stability of 
Aulopus is apparent in its very close correspon- 
dence to the Cretaceous genus Nematonotus (Rosen 
& Patterson 1969). From the Aulopidae in one di- 
rection has evolved the synodontid lineage. Fishes of 
this lineage are characterized structurally by an 
upper jaw dominated by a strong premaxilla with 
the maxilla reduced and variously modified (usually 
partially or wholly adherent to the premaxilla), and 
the supramaxillae extremely reduced or absent; gill 
rakers modified into clusters of short gill teeth; a 
pointed snout (in dorsal profde); a hyomandibular 



Fig. 2. Phylogenetic relationships among the CHLOROPTHALMIDAE 
benthic Myctophiformes. 

enlarged and strengthened antero-ventrally by a 
broad flange (Figs 3 b-c, 6 b-e); and a high number 
of branchiostegal rays (12-26, except in the neotenous 
Bathysaurus mollis, which has but eight). Synodon- 
tids, with the possible exception of Bathysaurus 
(Mead 1960, 1966b), are further characterized by a 
dioecious mode of reproduction. 

From the Aulopidae in a second direction has 
evolved the chloropthalmid lineage with fishes 
characterized by an upper jaw having a prominent 
maxilla that is dilated and free posteriorly, and a 
single elongate supramaxilla; a short, weakly- 
toothed palatine; small to minute conical teeth, usu- 
ally in multiple rows on each jaw; bladelike gill 
rakers; a broad, rounded to spatulate snout; a low 
number of branchiostegal rays (8-13); an unossified 
gap between the cranium and the first vertebra 
(Gosline et al. 1966, Rosen & Patterson 1969); 
and a characteristic elaboration of superficial lat- 
eralis organs on the scales of the trunk lateral line 
(Marshall & Staiger 1975). In contrast to both the 
basal aulopids and the synodontids, chloropthalmids 
have a monoecious mode of reproduction (Mead et 
al. 1964). 

The synodontid line is herein considered to com- 
prise a single family, the Synodontidae. Five genera 
are recognized (see scheme of classification above) 
including Bathysaurus and Harpadon. 

Saurida is the most primitive generalized mem- 
ber of the family, being in many respects transi- 
tional between the aulopid and synodontid structural 
levels. Alone among the synodontid genera, but in 
common with Aulopus, Saurida possesses caudal 
fulcra (Fig. 4a) and two (albeit rudimentary) supra- 
maxillae (Fig. 3b, inset). Moreover, Saurida has an 
Aulopus-like vomer, a toothed endopterygoid, nine 

SYNODONTIDAE 
I \ 1 

\ 
\ Trachinocephalus w 

Aulopus ("1 AULOPIDAE 

pelvic fin rays, a rounded snout (dorsal aspect), and 
49-52 vertebrae - features more consistent with the 
Aulopidae than the Synodontidae. Additionally 
Saurida retains two epurals (Fig. 4a), while the 
advanced genera Synodus and Trachinocephalus 
have but one (Fig. 4b). However, Saurida agrees 
with these in its prominent and strongly-toothed 
premaxilla, its long well-toothed palatine, its patches 
of gill teeth, its reduced and upturned second ural 
centrum (Fig. 4a), its more posteriorly placed (cf. 
Aulopus, Table 1) dorsal fin, and other characters 
typical of the Synodontidae. A peculiarity of Saurida 
(and the related Harpadon) is the separation of the 
maxilla into anterior and posterior portions (Fig. 
3b,c). The posterior portion is reduced to a thin 
lamina adherent to the premaxilla along the posteri- 
or half of that bone. The anterior portion consists of 
the isolated head of the maxilla. It lies between the 
head of the palatine and the head of the premaxilla 
and retains its original articulating function with 
respect to these bones. 

Closely allied to (and perhaps derived from) 
Saurida is the genus Marpadon. It has formerly 
been variously included in the Synodontidae (Goode 
& Bean 1896, Regan 191 1, Norman 1935), united 
with Bathysaurus in a rather artificial family, 
Karpadontidae (sensu Harry 1952), or placed in its 
own monogeneric family Harpadontidae (Jordan 
1923, Gosline et ai. i966, Greenwood et al. 1966). 
However, an adequate basis for differentiation of 
Harpadon from the Synodontidae has not been de- 
monstrated. Indeed, despite its specialized appear- 
ance and pelagic habit, Harpadon exhibits an 
osteology that is characteristically synodontid. 
Particularly instructive in this regard is the condi- 
tion of the upper jaw (Fig. 3c). It is dominated by the 



Fig. 3. Lateral facing bones of the skull. A, Aulopus cadenati, TABL 100967; 
B ,  Saurida brasiliensis, UMML 21327; C, Harpodon nehereus, USNM 93238. 












































































































